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Existing statistics indicate that more than 90% of road accidents are fatal in both low- and 
middle-income countries. Globally, there are 1.35 million road fatalities every year, which 
are estimated to cost approximately US$ 518 billion to governments, making road fatalities 
the 8th leading cause of death across all age groups and the leading cause of death of 
children and young adults. In South Africa, the annual number of road fatalities has 
increased by 26% in recent years, worsening the socioeconomic development of all South 
Africans. To understand the basis of this alarming road accident statistics in South Africa, 
studies focus mainly on identifying contributory factors. Whilst other studies indicated that 
road accident events may be more complex than thought, we have limited scientific 
understanding of this complexity in South Africa. The present project proposes and tests a 
more comprehensive metamodel that integrates multiple causality relationships among 
variables previously linked to road accidents. This was done by fitting a structural equation 
model (SEM) to the data collected from various sources. The study also fitted the GARCH 
Model (Generalized Auto-Regressive Conditional Heteroskedasticity) well known in 
financial sector to predict the future of road accidents in the country. The analysis shows 
that the number of road accidents has been increasing since 1935. A similar trend is found 
for the number of casualties, although ~32% of crashes on average results in casualties. The 
number of fatal crashes and the number of persons killed in fatal crashes increase such that 
the number of persons killed represents 1.15 times the number of fatal accidents and 0.03 
time the total annual number of road accidents. The death rate follows a polynomial shape 
predictable following the equation: y = -0.0114x2+1.2378x-2.2627 (R2=0.76) with y = death rate 
and x = year. This trend results in an average death rate of 23.14 deaths per 100,000 people. 
Furthermore, the analysis shows that the number of crashes could be significantly explained 
by total number of vehicles (β = -0.32 ± 0.06,  P<0.001), number of registered vehicles (β = 1.76 
± 0.12,  P<0.001), number of unregistered vehicles (β = 0.14 ± 0.04,  P=0.003) and the 
population of the country (β = -0.88± 0.13,  P<0.001). As opposed to expectation, the number 
of driver licences issued, and total distance travelled by vehicles do not correlate 
significantly with number of crashes (P>0.05). In addition, the analysis reveals that the 
number of casualties could be linked significantly to number of registered vehicles (β = 1.44 
± 0.0.34, P<0.001) and total distance travelled by vehicles (β = -0.04 ± 0.02, P=0.03). As of the 
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number of fatal crashes, the analysis reveals that the total number of vehicles (β = -0.79 ± 
0.09,  P<0.001), number of registered (β = 3.73 ± 0.23,  P<0.001) and unregistered vehicles (β = 
0.22 ± 0.06,  P<0.001), the population of the country (β = -3.04 ± 0.18,  P<0.001) and the total 
distance travelled by vehicles (β = 0.20 ± 0.02,  P<0.001) correlate significantly with the 
number of fatal crashes. However, the number of casualties and again the number of driver 
licence do not seem to determine the number of fatal crashes (P>0.05). What’s more, the 
findings of the SEM analysis reveal that the total number of vehicles (β = 0.20 ± 0.06,  
P=0.0017), number of unregistered vehicles (β = -0.10 ± 0.03,  P=0.003), number of crashes (β = 
-0.14 ± 0.06,  P=0.04), number of casualties (β = 0.32 ± 0.04,  P<0.001), distance travelled (β = 
0.03 ± 0.01,  P=0.009) and obviously the number fatal crashes (β = 0.80 ± 0.05,  P<0.001) are 
significant determinant of the number of persons killed in road accidents. Finally, the 
number of crashes is predicted to be roughly constant over time at 617,253 accidents for the 
next 10 years, with the worse scenario suggesting that this number may reach 1 896 667. The 
number of casualties was also predicted to be roughly constant at 93 531 over time although 
this number may reach 661 531 in the worst-case scenario. However, although the number of 
fatal crashes may decrease over time, it is forecasted to reach 11 241 fatal crashes within the 
next 10 years with the worse scenario estimated at 19 034 within the same period. Finally, 
the number of persons killed is also predicted to be roughly constant at 14 739 but may also 
reach 172 784 in the worse scenario. Overall, the present study reveals the complexity of 
road accidents and allows us to propose several recommendations that are aimed to reduce 
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Chapter 1: General Introduction  
1.1. Introduction 
Road accidents can be defined as events on the road that involve the collision of either two 
or more vehicles, or a vehicle and a vulnerable road user (cyclists or pedestrian), or a vehicle 
and a fixed object, e.g. bridge (RTMC, 2008). According to the leading road safety agency in 
South Africa, road accidents are classified into four categories of severity, namely: fatal 
crashes, major crashes, minor crashes, and damage-only crashes (RTMC, 2017). Fatal crashes 
result to death of one person or more; such crashes may result in serious and light injuries 
(RTMC, 2008). Major crashes are defined as crashes in which one person or more people are 
seriously injured (RTMC, 2017). Minor crashes are crashes in which one or more persons are 
slightly injured (RTMC, 2017) whereas damage-only crashes are crashes in which no one has 
been injured or killed but vehicles or property may be damaged (RTMC, 2008). 
In response to these crashes, several initiatives have been taken by different governments 
across the world; however, the frequency of road accidents remains on the rise with 
unacceptable consequences (Benlagha and Charfeddine, 2020; see Chapter 2). For example, 
existing statistics indicate that more than 90% of road accidents are fatal especially in 
developing countries, and these fatal crashes often involve more than 50% of unregistered 
vehicles (WHO, 2009). The increasing ownership of vehicles is one of the major contributory 
factors to the rise of road fatalities and injuries in developing countries (Nantulya and Reich, 
2002).  
In South Africa and in the past few years, an increasing trend of road fatalities has been 
observed (RTMC, 2018). The primary underlying factors of road accidents in South Africa 
have been identified (Verster and Fourie, 2018). These factors are linked to vehicle (7.8%), 
environment and road (12%) as well as human (80%) (Verster and Fourie, 2018). In 2017 
alone, the factor “vehicle” contributed 3% to road accidents in the country; environmental 
and road conditions 5% and human factors were responsible for 91% of road accidents 
(RTMC, 2018). However, still in the South African context, we still have limited 
understanding of the complexity of road accident events as several potential mediators of 
road accidents are generally not factored in the analysis of road accidents in the country. In 
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the present study, a more complex approach is employed to analyse potential causality 
relationships between several variables linked to road accident events. The present chapter 
presents the problem statement and justification of the study, followed by the aim and 
objectives of the study including research questions on which the study is grounded. At the 
end, the structure of the dissertation is presented.  
1.2. Problem Statement and Justification of the Study  
Globally, there are 1.35 million road fatalities every year, which are estimated to cost 
approximately US$ 518 billion to governments (WHO, 2018). Existing statistics indicate that 
more than 90% of road accidents are fatal in both low- and middle-income countries, and 
these fatal crashes often involve more than 50% of unregistered vehicles (WHO, 2009). The 
Global Status Report on Road Safety reported road fatalities to be the 8th leading cause of 
death across all age groups (Donaldson et al., 2009) and are now the leading cause of death 
of children and young adults aged 5 to 29 years (RTMC, 2019). South Africa has made 
strides in reducing road fatalities since their peak in 2006 (ITF, 2018). However, road 
fatalities remain frequent in the country, and in the past few years, an increasing trend of 
road fatalities has been observed (RTMC, 2017). The annual number of road fatalities 
increased every year between 2013 and 2016 (RTMC, 2017) and, between 1990 and 2017, they 
increased by 26 % (ITF, 2018). The high number of road accidents and their associated 
consequences have a significant negative impact on the socioeconomic development of all 
South Africans (Labuschange et al., 2016). Impacts are measured in terms of loss of lives, 
grief and suffering as well as the heavy financial burden of road accidents on the country’s 
economy (Venter and Fourie, 2018). 
In the face of this alarming road accident statistics in South Africa (see chapter 2 for details), 
existing studies on road safety in the country focus mainly on identifying contributory 
factors, e.g. human, vehicle and environmental factors, to road accidents (e.g. Verster and 
Fourie, 2018). Whilst other studies indicated that road accident events may be more complex 
than thought (e.g. Eboli and Mazzulla, 2007), we have limited understanding of this 
complexity in South Africa, owing to the simplistic approach we generally take in analysing 





Figure 1.1.   Proposed theoretical metamodel to explain road accident events in South Africa. 
The present project proposes and tests a more comprehensive model (Figure 1.1) formulated 
by integrating multiple causality relationships among variables previously linked to road 
accidents. In the proposed theoretical model, road accidents are represented by four main 
response variables, including total number of crashes, total number of casualties, number of 
fatal crashes and number of persons killed in a given year. The first prediction is that the 
total number of crashes would have a cascading effect on the other three main variables 
such that, as the total number of crashes increases over time, so too would the total number 
of casualties, number of fatal crashes and number of persons killed in a cascading manner.  
In addition, the metamodel includes six predictor variables. These include total number of 
vehicles in the country at a given year, number of registered vehicles, number of 
unroadworthy and unlicensed vehicles, number of driver’s license issued, the population of 
the country and the distance travelled by vehicles in a given year.  The prediction is that, as 
the total number of vehicles in the country increases over time, this would increase the 
likelihood of more crashes, which, as indicated above, would have a cascading effect on the 
total number of casualties, number of fatal crashes and number of persons killed (positive 
relationship; Figure 1.1). Similar to the total number of vehicles, we also predict that, if the 
number of unroadworthy and unlicensed vehicles increases over time, this would also 
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increase the total number of crashes. This is grounded on the assumption that not only the 
drivers of unroadworthy and unlicensed vehicles are more likely to not have a driver’s 
license, but their unroadworthy vehicles are more likely in a defective state conducive for 
road accidents. To illustrate this, Verster and Fourie (2018) reported that 7.8% of road 
accidents in South Africa are linked to vehicles, and in 2017 alone, the factor “vehicle” 
contributed 3% to road accidents in the country (RTMC, 2018). Again, an increase number of 
unroadworthy unregistered vehicles would thus increase the risk of more road crashes, 
which would have a cascading effect on the total number of casualties, number of fatal 
crashes and number of persons killed over time. Furthermore, we predict the increase in 
human population would also result in the increase in road crashes and thus the increase in 
total number of casualties, number of fatal crashes and number of persons killed. The 
rationale of this prediction is that when the population increases, the number of vehicle 
owners would increase such that more vehicles (both registered and unregistered) would be 
on the road, thus increasing the risk of road crashes. Also, when more vehicles are on the 
road, the distance travelled by vehicles would increase, and this would reduce the quality 
and strength of the vehicles over time, and thus increasing the risk of road crashes.    
As opposed to the positive relationships predicted above, we predict that the number of 
registered vehicles as well as the number of issued drivers’ license would cause a reduction 
in the number of road crashes, the total number of casualties, number of fatal crashes and 
number of persons killed. This is grounded in the assumption that the drivers of registered 
vehicles are more likely to have a driver license, and in theory, a licenced driver is relatively 
less likely to cause road crashes than non-licenced drivers. This leads to our last assumption, 
which predicts that the more driver’s licenses issued, the less likely the risk of more road 
crashes than the other way around. All these hypotheses/assumptions are graphically 
represented in Figure 1, which represents the metamodel proposed and tested to explain the 
complexity of road accident events in South Africa. 
1.3. Aim, Objectives and Research Questions of Study  
1.3.1. Aim 




The following objectives are set for the study: 
• To elucidate the temporal trends of road accidents and related consequences 
(number of crashes, causalities, fatal crashes, and deaths) in South Africa.  
• To propose and test a model to explain the complexity of road accidents in South 
Africa. 
• To predict future trends of road accidents and related consequences (number of 
crashes, casualties, fatal crashes, and road fatalities) in South Africa.  
1.3.3. Research Questions 
• What is the temporal trend of road accidents in South Africa?  
• Which variables in the proposed metamodel contribute significantly to the 
occurrence of road accidents in South Africa?  
• Is the overall metamodel suitable to explain the complexity of road accident events in 
South Africa?  
• What are the predictions of road accident events in South Africa within the next 
coming decade? 
1.4. Structure of the Dissertation  
The dissertation is arranged in six different chapters and the relationships among these 
chapters is represented below (Figure 1.2). The first chapter of the dissertation is the general 
introduction, which presents the research topic, problem statement and justification of the 
study, followed by the aims and objectives of the study including research questions. 
Literature review is the second chapter of the dissertation, which reviews different studies 
across the research topic, followed by chapter 3, methodology of the study. The results of the 
study are presented in chapter 4 and the discussion of the results are presented in chapter 5. 
The final chapter of the dissertation, chapter 6, presents the recommendations and general 




Figure 1.2. Structure of the present full dissertation. Arrows indicate the relationships 
between chapters. All chapters are linked either directly or indirectly from chapter 1 - 6. 
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Chapter 2: Literature Review 
2.1. Introduction 
 In the present study, road accidents are defined as a collision between vehicles or between a 
vehicle and pedestrians or even between a vehicle and a non-human being (trees, traffic 
light, etc.) on the road; this can result into injury, death or damage of property (Figure 2.1) 
(Odhiambo et al., 2015). Road accidents can be caused by multiple factors such as road users 
violating traffic rules, fatigue, alcohol intake, conditions of the road and environmental 
factors, e.g., unfavourable weather conditions (Diedericks, 2014). Road accidents are the 
leading causes of traumatic injuries and fatalities worldwide (Donaldson et al., 2009). 
Globally, we are losing 1.35 million people annually owing to road accidents, making it the 
8th leading cause of death across ages and the 1st cause of death of the youth (5-29 years old; 
WHO, 2019). These statistics are even more alarming in developing countries as the death 
rate in those countries is 3-times higher than in the developed world (WHO, 2019). 
However, the death rate has been roughly constant to 18 deaths/100,000 people over the last 
15 years (Figure 2.2). Nonetheless, this rate is still far below the target of 3.6 set in initial 
SDGs, which is a 50% reduction by 2020 (UN, 2015). Interestingly, measures have been put 
in place to curb this trend. An example of such measures is the Decade of Action for Road 
Safety 2011-2020, which results in more attention, investments, and efforts on road safety 
(WHO, 2019). Such actions include implementation of traffic laws that meet best practice 






Figure 2.1. A road accident that occurred on one of South Africa’s major roads (Phoenix FM, 
2018).   
 
 
Figure 2.2. Global trend on road accidents and the death over the 2000-2016 period (UN, 
2015).  
The present chapter 2 aims to review key literature on road accidents and their impacts to 
justify the need for a working predictive model that can inform preventive measures of road 
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accidents in South Africa. To this end, the trend of road accidents and inherent fatalities is 
firstly presented. Then, putative factors generally linked to road accidents globally are 
introduced. Next, various impacts of road accidents are highlighted. This chapter is 
eventually concluded with some of the existing models explaining the occurrence of road 
accident events. 
2.2. Global status of road-accident driven deaths 
Annually, from 2000 to 2015, approximately 1.35 million people lost their lives due to road 
accident (WHO 2018). This death frequency is surprisingly higher than that of the 
HIV/AIDS, tuberculosis, or diarrhoeal diseases. Specifically, road accidents seem to claim 
disproportionately the lives of the youth as recent estimate identified it as the primary cause 
of death of people aged 5–29 years (WHO, 2018). This finding suggests that there is a need 
for urgent actions towards the protection of the youth against road accidents (WHO, 2018). 
Despite this high number of death (1.35 million/year), the trend of death rate is constant over 
time when corrected for population size of each country (UN, 2015; Figure 2.2). 
Unfortunately, the constant death rate (per population size) also implies that the aim of 50% 
death rate reduction by 2020 is far from being met, as opposed to the target 3.6 set in the 
Sustainable Development Goal (SDG). However, the constant death rate may also be 
indicative of the positive effects of global road safety efforts deployed in different countries 
(WHO, 2018).  
This global positive effect is misleading since, at country and continental level, there is a 
huge disparity in term of progress made towards road safety and the death rate linked to 
road accident (Figure 2.3). For example, in low-income countries, the death rate is more than 
three times higher than in high-income countries (average rate: 27.5 deaths per 100,000 
population versus 8.3 deaths per 100,000 population, respectively; WHO, 2018). More 
concerning is the report that 93% of death rate recorded globally occur in middle- and low-
income countries whereas only 7% is recorded in developed world (Figure 2.4, WHO, 2018). 
Furthermore, despite global efforts that led to constant rate of road-accident driven death, 
the number of road accident deaths is still increasing in 104 low-income countries between 





Figure 2.3. Disparity in death percentage due to road accidents across various geographic 
regions of the world (WHO, 2018). 
 
Figure 2.4. Comparative percentages of road accident deaths in relation to the population of 





2.3. Specific trends in income-based country categorization 
2.3.1. In selected high-income countries 
As reported in section 2.2 above, road accidents lead to an unusually high proportion of 
deaths in low- and middle-income countries (97%) with high-income countries contributing 
just 7% to death (Figure 2.4). In addition, in high-income countries, road safety efforts 
resulted in a decrease in the number and frequency of deaths (Lucy, 2003; Lucy and Lewis, 
2009). In Australia for example, these efforts include the Safe System Approach, which is 
Australia’s own version of Vision Zero (Langford, 2009), which was first implemented in 
Sweden in 1997 (Marshall, 2018). The aim of Australia’s Safe System Approach is to 
eliminate all road fatalities, through the aid of Australia’s Road Safety Strategy (Marshall, 
2018).  As a result, there is a downward trend from around 8 deaths/100,000 people in 2007 
to less than 6 deaths/100,000 in 2016 (Mooren et al., 2011) (Figure 2.5).  
 
 
Figure 2.5. Trend in death rate on Australia’s road (WHO, 2018). 
A similar trend was also reported for EU countries, e.g., Poland (Jamroz et al., 2016), which 
was ranked the most dangerous country in the EU with regards to the number of 
pedestrians killed on the road (Gaca and Kiec, 2010). In 2007, a high number of road 
accidents was recorded in Poland, and between 2008 and 2010 a decrease in road accidents 
was observed and another increase was observed between 2010 and 2011 (Bąk et al., 2019). In 
2016 the number of road accidents increased with a total of 33 664 road accidents after a 
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decrease since 2012 (Bąk et al., 2019). The sudden increase on road accidents in 2016 may be a 
result of risk homeostasis, which is grounded in the behavioural theory (Wilde, 1988). The 
theory predicts that, after a long period of safety improvement, the risky behaviours leading 
to the increase in the number of road accidents may occur again (Bąk et al., 2019). However, 
Poland has made great progress in the past thirty years with a road fatality reduction 
(Figure 2.6) of more than 60% (Al-Haji, 2005). Tools for predicting road accidents were 
developed and used to identify key factors that have assisted to reduce road fatalities 
(Jamroz et al., 2019). Some of the key factors that have resulted to the reduction include 
improvement of the socio-economic status of the country, road safety measures 
(implementation of the Vision Zero strategy), adjusting road user behaviour and changing 
road safety programmes (Al-Haji, 2005).  
 
Figure 2.6. Trend in death rate on Poland’s road (WHO, 2018). 
2.3.2. In selected middle-income countries 
In middle-income countries, the trends of death rate are similar to those reported for high-
income countries. For example, in 2011, Brazil had more than 43 000 road fatalities 
(Ministério da Saúde, 2013a). This number is 40% higher than the number of fatalities in the 
set of 27 European Union member countries including Poland (European Commission, 
2013a). The annual number of road injuries and fatalities in Brazil exceeds 150 000 and the 
Brazilian Institute of Applied Economic Research (IPEA) has estimated that road accidents 
cost the country $ 28 billion per year (Guimarães and Ricardo da Silva, 2019).  
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During the past years, Brazil has taken actions towards improving their road safety by 
implementing the Brazilian National Traffic Code (Vasconcellos and Sivak, 2009). The main 
aim of the Brazilian National Traffic Code is to create protective systems and drink-driving 
legislation (Bastos et al., 2015). Similar to Poland, a decrease in the number of road fatalities 
was observed after the code was implemented; then again, the number of road fatalities 
increased year after year (Figure 2.7; Vasconcellos and Sivak, 2009). Furthermore, the 
National Accord for the Reduction of Traffic Accidents was established in Brazil with 
adherence to the Decade of Action for Road Safety (Mandacaru et al., 2017). The Project Life 
in Traffic (PLT) was one of the intervention strategies that was implemented under the 
National Accord for Reduction of Traffic Accidents to reduce the high numbers of road 
fatalities (Brasil, 2010a). 
 
 
Figure 2.7. Trend in death rate on Brazil road (WHO, 2018). 
Compared to Brazil and other developing countries, China has made great progress in terms 
of its economic growth (Haitao and Jianjun, 2013). Furthermore, the country has maintained 
a high economic growth rate and an increase on its GDP (Figure 7) since 2005 (Xie et al., 
2016). Not only did China experience rapid economic growth, but the country became the 
world’s largest automobile producer and sales market for three consecutive years (Haitao 
and Jianjun, 2013). However, the rapid economic development brought forth growth in 
ownership of cars which directly and indirectly had an influence on China’s road safety 
(Haitao and Jianjun, 2013). Earlier studies have linked increased road fatalities and injuries 
with the economic growth and vehicle ownership, especially in both less and developing 
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countries (Al-Reesi et al., 2013). On the contrary, road accident fatalities and injuries have 
been decreasing in developed countries that have high number of vehicle ownership (i.e. 
Australia and Poland) (van Beeck et al., 2000). 
In 2016, China contributed 23% to the global road fatalities (Huang et al., 2018b). According 
to the World Health Organisation, there are more than 700 people who are killed in road 
accidents daily in China (WHO, 2015). Over the past years, statistics have shown a 
downward trend (Figure 2.8) on number of fatalities in China (WHO, 2015). In addition, 
China witnessed a significant decrease in the annual number of road fatalities as a result of 
drunk driving after the implementation of the amended criminal policy (Li et al., 2012). 
Furthermore, improvements on vehicle safety design, upgraded urban transportation 
planning and easy access to health services are attributes that resulted to the decline in road 










Figure 2.8. Trend in death rate on China’s roads (WHO, 2018). 
2.3.3. The summary of the Africa’s case 
 2.3.3.1. General background 
As reported in the section 2.2 above in Figure 2.4, low-income countries account for 80% of 
global deaths due to road accidents. In term of death rate (number of death per 100,000 
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people), Africa is leading the world with a rate above 26 deaths/100,000 people, with Europe 
exhibiting the lowest rate in the world (Figure 2.9). 
 
 
Figure 2.9. Comparative estimates of road accident driven death rate across continents 
(WHO, 2018). 
In the present chapter, the case of Rwanda is used to illustrate the general trends in 
developing world. Rwanda is a landlocked country in eastern Africa, and it is the most 
densely populated country in the world with a population over 11 million (The World Bank 
Group, 2015). Although Rwanda is a low-income country, over the past two decades, the 
country has been successful with its GDP increasing steadily since 1994 (The World Bank 
Group, 2015). After the civil unrest and genocide during the 1990s, there has been 
socioeconomic development including growth in the number of ownership of vehicles 
(Rollason, 2013). 
With upgraded road infrastructure, road accidents started to decrease; however, the 
Rwandan national data suggested a rising trend of road injuries and fatalities (Patel et al., 
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2016).  In 2012, Rwanda had 4471 road accidents, 1451 injured casualties and 220 fatalities 
(National Institute of Statistics of Rwanda, 2014). In 2015, an increase was observed for both 
casualties (2508) and fatalities (366) (National Institute of Statistics of Rwanda, 2014; Figure 
2.10). The homeostasis phenomena that was observed in Poland and Brazil, can also be 
observed in Rwanda’s road accident trends (National Institute of Statistics of Rwanda, 2014). 
However, the Rwandan government has made major improvements to road infrastructure 
and implementation of the road safety programs (National Institute of Statistics of Rwanda, 
2014). The significant changes on road safety included seatbelt laws, inspections of vehicles, 
speed limits and fighting police corruption (WHO, 2013; Brown, 2007). In addition, Rwanda 
was one of the first African countries that implemented laws on the use of helmets for 
cyclists and the reduction of number of riders on motorcycles (National Institute of Statistics 
of Rwanda, 2014). The implementation of the policies resulted to significant reductions of 
road fatalities, lower rates of motorcycle accidents in comparison to other low and middle-
income countries but the numbers of road accidents remain higher compared to high income 
countries such as Australia and Poland countries (WHO, 2013; Brown, 2007). 
 
 
Figure 2.10. Trend in death rate on Rwanda’s roads (WHO, 2015). 
17 
 
 2.3.3.2. The case of South Africa, a middle-income country 
South Africa has made strides in reducing road fatalities since their peak in 2006 (ITF, 2018). 
However, road fatalities remain high in the country and in the past few years, an increasing 
trend of road fatalities has been observed (RTMC, 2018). Currently, road fatalities in South 
Africa remain high at 40 road-related deaths a day (higher than that of Poland, Brazil, and 
Kenya), which cost the country more than R3 billion yearly (Ncube et al., 2016). Cases of fatal 
road accidents are reported almost daily in major highways of South Africa (Setlalentoa et 
al., 2010). Similar to Brazil and Kenya, the increased burden of road fatalities and injuries in 
South Africa is partially linked with the country’s fast-growing economy and social 
development (Setlalentoa et al., 2010). The high number of road accidents and their 
associated consequences has a significant impact on the socioeconomic development of all 
South Africans (Labuschange et al., 2016).  
According to WHO (2009, 2018)’s reports, the trends in road accident fatalities over time 
could be divided into four periods. From 1972 to 1992, the death rate remains within the 
window of 25-40 deaths/100,000 people. This rate decreased by 50%, i.e. from 40 to 20 
death/100,000 people from 1992 to 2002, and then increased again to 35 deaths/100,000 
people from 2002 to 2007 (Figure 1.11a). The rate decreased again from 35 to around 21   
death/100,000 people from 2007 to 2013 and, unfortunately, it increases again in recent years 
(2013-2016, Figure 2.11b). 
South Africa is the leading country for drunk driving followed by Canada and the US 
(Figure 2.12). The number of drunk drivers has increased by four times since 1980 (Figure 
2.13). The highest recorded rate of drivers who drove under the influence of alcohol was 
75% in 2000 (Ncube et al., 2016). An Australian study had identified that the absence of 
enforcement of policies and legislation, often results to risky driving behaviour, e.g. 














Figure 2.11. Temporal trends in road accident death rates in South Africa from 1972 to 2016. a) Trends from 1972 to 2007 (WHO, 2009) and b) 








Figure 2.12. The world's worst countries in term of drunk driving (McCarhy, 2016). 
 
Figure 2.13. Trend in percentage of drunk drivers over time in South Africa (Ncube et al., 
2016). 
South Africa is a signatory to the United Nations (UN) Decade of Action for Road Safety 
2011-2020 (Ncube et al., 2016). The country has committed itself at an international level to 
decrease road fatalities by 50% by 2020 (Ncube et al., 2016).  However, South Africa did not 
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meet this goal (RTMC, 2019), perhaps because of our limited understanding of the intricate 
and connected suite of events that lead to road accidents (Eboli and Mazzulla, 2007; 
Papantoniou et al., 2018, 2019). This calls for a continued commitment towards more science-
based policies and actions that reduce the death rate and frequency of accident events in the 
country (RTMC, 2019). 
2.4. Factors Contributing to Road Accidents 
2.4.1. Most vulnerable road-users to road accidents 
In developed world, it seems like drivers of 4-wheeled cars and light vehicles lose most 
frequently their lives to road accidents. For example, these drivers represent 45% of road 
user categories who lose their lives. In Poland, the pattern is the same but drivers if 4-
wheeled cars share the top position with pedestrians (29% each) whereas pedestrians occupy 
the third position in Australia (Figure 2.14). In developing world, the topmost vulnerable are 
riders of motorized 2- and 3-wheelers, which represent 31% and 40% in Brazil and India, 
respectively (Figure 2.14). In these two countries, pedestrians are third and fourth most 
vulnerable, respectively. In Africa, the pattern looks similar but with differences worth 
highlighting. For example, in Benin – a low-income country from western Africa – it is also 
riders of motorized 2- and 3-wheelers (similar to patterns in Brazil and India) who are most 
vulnerable (57%) followed by pedestrians (17%). In Ghana (also in western Africa), however, 
pedestrians are the most vulnerable (46%) and riders of motorized 2- and 3-wheelers are 
second (18%). In Egypt, in northern Africa, occupants of 4-wheeled cars and light vehicles 
(45%) are most vulnerable. In South Africa, the pattern is similar to Ghana with pedestrians 
(38%) being the most vulnerable followed by passengers of 4-wheeled cars and light vehicles 
(24%) (Figure 2.15). This short statistic reveals that, across continents, anyone can lose their 
lives, from drivers to passengers and pedestrians. Again, this calls for continued 






































Figure 2.15. Identification of most vulnerable road-users to road accidents in selected African countries (WHO, 2018).





2.4.2. Factors contributing directly and indirectly to road accidents 
Several studies on accident prevention have investigated the factors contributing to the 
occurrence of road accidents in different parts of the world (Zhang et al. 2013; Hao et al. 2015; 
James et al. 2018; Verster and Fourie, 2018; Benlagha and Charfeddine, 2020). Prior to the 
highlights of their findings, it is important that debates around data sources and reliability 
be raised here (Joseph, 2013). A number of studies make use of two data sources (Benlagha 
and Charfeddine, 2020). The first data source includes police-recorded data (Manner and 
Wünsch-Ziegler, 2013; Feng et al., 2016; Lee et al., 2018). The second data source is insurance 
companies (Krishnan and Carnahan, 1985; Mills and Hambly, 2011).  In term of reliability of 
data, several studies suggest that insurance companies are more reliable than police-
recorded data, given that, not only they are always informed once an accident occurs (fatal 
accident or not), but also given the professional way (unlike government officials; Joseph 
2013) they handle data collection (Cohen, 2005; and González Dan et al., 2017).   
Irrespective of the data sources used in different studies, there are two lines of arguments on 
factors contributing to road accidents (Benlagha and Charfeddine, 2020). The first one 
suggests that driving behaviours and habits are the main risk factors causing accident 
probability and severity (Shaw and McMartin, 1977; Dahlen et al.,2012; Sârbescu and 
Maracatu, 2019). This strands of literature emerged following the prominent study by Shaw 
and McMartin (1977), whose study design became the most used methods to investigate the 
behavioural factors of road safety (Farmer et al., 1997; Delen et al., 2006; Deffenbacher et al., 
2002; Sârbescu and Maricuţoiu, 2019; Papantoniou et al., 2019).  For instance, Deffenbacher et 
al. (2002) linked the frequency and intensity of anger and aggressive behaviour to risky 
driving behaviour. In the same line of incriminating the drivers, Papantoniou et al. (2019) 
linked driving error behaviour to drivers' distraction and driver characteristics. The results 
of the study had shown that the impact of driver characteristics and the area type are the 
only statistically significant factors affecting the probability of driving errors (Papantoniou et 
al., 2019).  
The second strands of literature suggest that the understanding of road accident events 
should not focus on ‘person approach’ but rather on ‘a system approach’ (Reason, 2000). The 
system approach suggests that road accident is driven by a failure of a system made up of a 
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complex of interactive factors (Reason 2000; Bayam et al., 2005; Eboli and Mazulla 2007; 
Aderamo, 2012; Hassan and Abdel-Aty, 2013, Bergel-Hayat et al., 2013; Theofilatos, 2017; 
Lee, et al., 2018; Verster and Fourie 2018; Papantoniou et al., 2019; Papantoniou et al., 2018). 
These interactive factors include human, vehicle and environmental conditions (Figures 













Figure 2.16. Graphical illustration of the complexity of the interactive factors driving road 
accidents. a) Bayam et al. (2005)’s illustration, and b) contribution of each factor to road 
accidents in South Africa (Verster and Fourie, 2018). 
Human factors, including road user behaviour and incapacitation, were the common human 
factors that accounted for more than 85% of road accidents in the African continent (Odero 
et al., 2003) and ~80% in South Africa in 2016 (Figure 2.16b; Verster and Fourie, 2018). 
Furthermore, speeding and drinking and driving were noted as the key contributing factors 
in road fatalities and injuries in Africa (Chen, 2010). In Sharp bends, poor visibility, wet and 





are categorised as environmental factors that cause road accidents (Chang and Mannering, 
1999), contributing 12.7% to road accidents in South Africa (Figure 2.16b; Verster and Fourie 
2018).  
Another major contributing factor to road accidents is vehicles (RTMC, 2018). Vehicle factors 
contributing to road accidents include dysfunctional brakes, flat tyres, anti-crash devices 
such as air bags and seat belts (RTMC, 2018). Vehicle roadworthiness is a huge concern in 
many middle and low-income countries (Brazil, Rwanda, and South Africa) (Chen, 2010).  In 
Africa, vehicle defects and human error combined contribute more than 10% of all fatal road 
accidents (Odero et al., 2003). With the present economic condition and the lack of car 
manufacturers in the African region, many African countries import old second-hand 
vehicles and this results to the high numbers of road accidents in comparison to high-
income countries (Chen, 2010). In South Africa, in 2015, 48.5% of vehicles that were involved 
in fatal accidents were motor cars, followed by bakkies (18.4%) and minibuses (9.0%) being 
third (RTMC, 2018).  
It is important to note that, while some studies reported the driver factors (age, gender, 
education, etc.) as cause of accidents (Papantoniou et al., 2019; Papantoniou et al., 2018; 
Figures 2.17a,b), other studies (e.g. Eboli and Mazulla 2007) did not find any significant 
relationships between driver factors and accident occurrence (Figure 2.17c,d). This raises the 















Figure 2.17. Graphical illustrations of various models proposed and tested in different studies to explain the complexity of interactive factors 
driving road accidents. a)  Papantoniou et al., 2019; b) Papantoniou et al., 2018; c) initially proposed model and d) final model with only 








2.5. Negative Impacts of Road Accidents beyond death 
2.5.1. Psychological Impacts 
Several studies that have been conducted have indicated that people involved in road 
accidents are usually victims of PSTD (post-traumatic stress disorder) (Ursano et al., 1999). 
Post-traumatic stress disorder (PTSD), is described in DSM-IV (Diagnostic and statistical 
manual of mental disorders), which is characterised by intrusive thoughts and memories 
after exposure to a life-threatening situation or a severe life event (Bryant et al., 2004). PTSD 
has been identified to be an important psychological consequence of road accidents with 
motorised vehicles (Bryant et al., 2004). There are studies that involve populations of selected 
patients according to the type of injury caused by the accident, e.g. spinal trauma, brain 
trauma or orthopaedic trauma (Harvey and Bryant, 2000). The severity of the trauma may 
then result to chronic PTSD (Harvey and Bryant, 2000). In a period of 4-12 months after 
injury, 30-40% of the patients reported severe symptoms of PTSD (Zatzick et al., 2002).  
2.5.2. Brain Injuries 
Brain injuries that result from road accidents can cause many kinds of physical, emotional, 
psychological, and cognitive impairments that may be temporary or permanent (ETSC, 
2007). Brain injuries account for a million hospital admissions per year (IBIA, 2006).  Road 
accidents are responsible for 50% of all traumatic brain injuries and are the leading cause of 
this type of injury among people under the age of 65 years (IBIA, 2006). Recovery from head 
injuries may take time and, in some instance, full recovery is not achieved (ETSC, 2007). 
Only 37% of victims that had suffered head injuries thought they had recovered within the 
first 3 years and only 19% of those victims had recovered fully (Haegi and Chaudhry, 1995). 
The European Federation of Road Traffic Victims further pointed out that the effects of head 
injuries are often not recognised because they are not always visible, yet they may cost 
victims their jobs, educational qualifications and serious economic consequences (ETSC, 
2007).   
2.5.3. Spinal Cord 
On an average, more than 50% of spinal cord injuries occur in road accidents (ETSC, 2007).  




organisation working to fund research into cures for paralysis caused by spinal cord injury, 
had estimated that on an average, incidences of spinal cord injuries to be 22 people per 
million inhabitants in both developed and developing countries (ICCP, 2005). The EU has a 
population of approximately 456 million people and an annual incidence rate of 22 victims 
per million, and every year, road accidents account for 5000 cases of spinal cord injuries in 
the EU (ETSC, 2007). The average age of injury is 33.4 years and life expectancy is reduced 
by an average of less than 10%, meaning the population of victims living with spinal cord 
injuries is increasing worldwide (AESLEME, 2000).  
2.5.4. Lower Extremity Injuries 
Studies have shown that physical impairment from severe lower limb fractures sustained 
from road accidents is frequent and may cause permanent disability (Kuppa et al., 2001). The 
lower extremities are the most common site of moderate to serious injuries to survivors and 
second most common site for occupants who wore their seat belts (Morgan et al., 1991). 
Lower extremity trauma is associated with high medical costs and the frequency and 
economic impact is increasing (Martin et al., 1997). In the USA, a multilayer study was 
conducted with more than 300 patients with lower limb injuries were followed at 3, 6 and 12 
months after the injury (ETSC, 2007). The patients had follow-up sessions about their work 
status and completed the Sickness Impact Profile (SIP), which is a widely used measure of 
general health status (ETSC, 2007). By the period of 30 months, 17 patients had mild 
disability, 12% had moderate disability and 7% had severe disability (ETSC, 2007).  
2.5.5. Job Loss Associated with Long Leaves 
The Danish Institute of Local Government Studies investigated whether road accidents are 
associated with permanent reduction in disposable income and employment (Møller Danø, 
2004). The data set for the study came from random sampling of the Denmark adult 
population, for the years 1981-2000 (Møller Danø, 2004). The overall results of the study had 
shown that road accident injuries are associated with a significant difference in the labour 
market (Møller Danø, 2004). Other studies show that the effect of injuries due to road 
crashes on disposable income is different with age (ETSC, 2007). Furthermore, the average 
employment rate decreases drastically for men in the same year the accident had occurred 




(ETSC, 2007). Although the average earnings for both men and women are reduced, only a 
10% significance level effects on men were found (ETSC, 2007).  
2.5.6. Impact on Families  
The burden of road accidents is not only upon those directly involved, but also upon their 
families (ETSC, 2007). The European Federation of Road Victims in 1993, had found that 90% 
of the families of the deceased victims and 85% of the families of the disabled declared a 
significant decline in quality life (Federation of European Road Traffic Victims, 1993). The 
second phase of the study, found that a large proportion of the relatives of the deceased and 
disabled victims as well as the victims themselves, suffered psychological disorders 
(Federation of European Road Traffic Victims, 1993). A different study took into 
consideration the consequences for the relatives into account in cases where a child was 
involved in a road accident: 84 % of the mothers were identified to re-experiencing the loss, 
81% were hyperarousal and 16% had acute stress (Bryant et al., 2004). Furthermore, mothers 
who had been involved or witnessed the accident showed higher levels of acute stress and 
13% of them experienced PTSD after six months (Bryant et al., 2004). On the category of 
participation in the labour force of the relatives of road crash victims, 80% of the relatives of 
the disabled and 70% of the disabled victims had changed occupation because they were 
forced by circumstances (Haegi and Chaudhry, 1995). 
2.6. Efforts to curb road accidents: Decade of Action for Road Safety 2011-
2020 
The UN General Assembly proclaimed 2011-2020 the Decade of Action for road safety 
(WHO, 2011). The aim of the Plan is to stabilise and reduce predicted number of global road 
fatalities (WHO, 2011). The Decade of Action Plan serves as a guide to support the 
development of national and international plans of action and providing a framework to 
allow organised activities at regional and global levels (UNECA, 2011). The plan may be 
used by a broad audience, including civil society, private companies, local and national 
governments willing to reduce road fatalities and injuries (WHO, 2011). The activities 
alongside with the Decade of Action are intended to be implemented at several sectors 





The Decade of Action for Road Safety 2011-2020 has five pillars. First is the Road Safety 
Management, which is based on the institutional framework that is required for the 
implementation of road safety activities and therefore sets the foundation of the other 
pillars. Second is Safer Roads and Mobility, which is based on the development of roads, the 
safety of all road users especially vulnerable road users e.g. pedestrians. Third is Safer 
Vehicles, which focuses on the standards, entry and exit of vehicles that are exported and 
imported into countries. Fourth is Safer Drivers and other Road Users, which addresses the 
need for proficient training for drivers, testing, and licensing, driving permits and educating 
the public on road safety. The last pillar is Post-Crash Response, which focuses on site care, 
provision of transportation of trauma care to victims of road accidents (UNECA, 2011). 
2.7. Conclusion  
Road accidents affect every country in the world. However, most of these accidents occur 
following increasing trends in low and middle-income countries (WHO, 2015). The negative 
impacts of all sorts of road accidents are tremendous. In response, the Decade of Action for 
Road Safety 2011-2020 has been designed and implemented in some countries, leading to a 
decrease in the number of road fatalities and injuries further. The literature review 
presented in the present chapter also highlighted the context specificity of road accident 
patterns and causes, calling for a continued effort to understand the complexity of road 
accident events (Gong et al., 2012). In South Africa, several studies have been conducted on 
road accidents (e.g. Verster and Fourie 2018); however, to our knowledge, a meta-model 
capturing the complexity of the system leading to road accident is missing as opposed to 
what is reported elsewhere as showed in Figures 2.16 and 2.17 (Eboli and Mazulla 2007; 




Chapter 3: Methodology 
3.1. Study Site 
3.1.1. Geographic location 
The study site is South Africa (Figure 3.1), a country located right at the southern tip of the 
African continent (Tibane et al., 2016).  South Africa stretches from 22°S to 35°S in latitude 
and 17°E to 33°E in longitude (Tibane et al., 2016). The country is bordered by Namibia, 
Zimbabwe, Mozambique, and Botswana (Thompson et al., 2019). The Atlantic Ocean and the 
Indian Ocean are the two coastlines found in the southwest and southeast direction, 
respectively. In addition, the country is well known for its great natural beauty, varied 













The warm temperature conditions in South Africa are due to its location at the subtropical 
region, moderated by the ocean currents surrounding the country’s coastlines and the 
altitude of the inferior plateau (Thompson et al., 2019). South Africa is regarded as a dry 
country, with an average annual rainfall of approximately 464 mm (Tibane et al., 2016).  The 
Western Cape province receives its rainfall during the winter season whereas the rest of the 
county receives rainfall during the summer season (Thompson et al., 2019). Regions in the 
interior plateau of the country such as Johannesburg, experience average summer 
temperatures below 30°C (Thompson et al., 2019). During the winter season, night-time 
temperatures may drop to freezing point or lower on certain parts of the country (Tibane et 
al., 2016). 
3.1.3. Human Population  
In 2019, the mid-year population was estimated at 58,78 million and approximately 51,2% 
(30 million) of the population is female (Stats SA, 2019). The Gauteng province has the 
greatest proportion of the South African population (Table 3.1), approximately 25,3% (15,2 
million) people live within the province (Stats SA, 2019). In addition, KwaZulu-Natal is the 
second province that has the largest population of approximately 19,2% (11,3 million) 
people; and the Northern Cape is the province with the lowest population 2,2% (1,26 
million) in the country (Stats SA, 2019). Furthermore, an estimate of 28,8% of the population 
is younger than 15 years and approximately 9,0% (5,3 million) is aged 60 years or older 
(Stats SA, 2019). In addition, in 2019, the life expectancy was estimated at 61,5 years for 





Table 3.1. Mid-year population estimates per province in 2019 (Stats SA, 2019). 
 
 
3.1.4. Road Network and Vehicle Population 
South Africa is ranked tenth in the world in term of the volume of road network that 
estimated at 750 000 km (Tibane et al., 2016). The provincial governments are responsible for 
the planning, construction and the maintenance of the roads and bridges (Tibane et al., 2016). 
The Department of Transport aids the provincial and local governments with the 
improvement and development of the country’s road network (Tibane et al., 2016). The 
South African National Road Agency (SANRAL) is responsible for 21 403 km of the national 
road network (Tibane et al., 2016).  Out of the 21 403km, 18 283 km (85%) are non-toll roads 
and 3 120 km (15%) are toll roads (DoT, 2002). SANRAL’s role is to provide effective 
strategic road infrastructure to assist with the development, accessibility, and finance 
towards the proclaimed national roads (Tibane et al., 2016). The country’s toll-road network 
consists of approximately 19% (3 120 km) of the national grid and SANRAL manages 
1832km of these toll roads (DoT, 2002).  
In 2017, the number of registered vehicles in South Africa were 12,2 million; and the number 
of un-roadworthy and unlicensed vehicles had increased from 1,0 million vehicles in 2016 to 
1,1 million vehicles in 2017 (RTMC, 2018). The Gauteng province accounted for 





3.2. Data Collection 
3.2.1. Various variables for which data were collected  
The variables for which data were collected are defined as follows: 
• ‘Total number of vehicles’ is the total sum of the number of registered vehicles and both 
the number of unroadworthy and unlicensed vehicles.  
• ‘Number of registered vehicles’ is the number of (motorised and towed) vehicles 
registered on the National Traffic Information System (NaTIS) (RTMC, 2018). 
• ‘Unregistered vehicles’ are vehicles which are not registered under the licensing 
department. The owners of unregistered vehicles might have failed to renew the 
vehicles’ licenses or failed to submit the vehicles for compulsory annual roadworthy 
tests within a certain period (RTMC, 2008).  
• ‘The total distance travelled’ variable is defined as the total distance travelled by vehicles 
on the road each year measured as million vehicle kilometres (mvk) (RTMC, 2018).  
• ‘Drivers licenses issued’ is the annual total number of issued driving licenses obtained 
by drivers after they have passed their driver’s license test (RTMC, 2019).  
• ‘Estimated population of South Africa’ is the estimate number of all residents of South 
Africa in a particular year (mid-year point) and based on the latest information (Stats SA, 
2017). 
• ‘Total number of crashes’ is the number of road accidents (fatal, major, or minor crashes) 
that occurred in each year (RTMC, 2018).  
• ‘Fatal crashes’ are crashes that result to death of one person or more people in a road 
accident (RTMC, 2018).  
• ‘Number of casualties’ is the number of people that have been injured and/or killed in a 
crash (RTMC, 2019).  
• ‘Fatalities’ is defined as person or people that are killed during or immediately after a 
road accident, or death within 30 days after the accident has occurred as a direct result of 





3.2.2. Sources of data analysed in this study 
Data analysed in the present study are retrieved from various sources. These sources include 
the Government’s online campaign database known as Arrive Alive (www.arrivealive.co.za), 
various reports of the Road Traffic Management Corporation (RTMC,2006; RTMC, 2007; 
RTMC, 2011; RTMC, 2012; RTMC, 2013; RTMC, 2014; RTMC, 2015; RTMC, 2016; RTMC, 
2017; 2018) as well as reports from Statistics SA (Stats SA, 1995; Stats SA, 2007; Stats SA, 2008; 
Stats SA, 2009; Stats SA, 2010; Stats SA, 2011; Stats SA, 2012; Stats SA, 2013; Stats SA, 2014; 
Stats SA, 2015; Stats SA, 2016; Stats SA, 2017). Data from Arrive Alive (period of 1935 to 2000) 
was obtained by email request. The data from the RTMC (period of 1935 to 2017) was 
obtained from the corporation’s website; and the data from Statistics SA (period of 1936 to 
2017) was retrieved from their website as well as by email request.  
3.2.3. How data were collected by various sources? 
Arrive Alive is the South African government’s campaign to promote road safety and public 
awareness. They make use of data from both the RTMC and Stats SA and compile their 
reports for public use or research. The RTMC is the leading agency on road safety and 
management (RTMC, 2018). They collect their data from the South African Police Service 
(SAPS), Provisional Traffic Authorities and the Metropolitan Municipalities through 
Accident Report and Quick Response forms (RTMC, 2015). The Accident Report forms are 
used to capture data for all road accident types (injuries and damages) while the Quick 
Response forms are used to record fatal road accidents and are captured by RTMC. 
Furthermore, the RTMC makes use of other data sources such as the Culpable Homicide 
Crash: Observation Report (CHoCOR) form, CAS Analyst Report, National Traffic 
Information System (NaTIS), Statistics South Africa (Stats SA) (RTMC, 2018). The limitation 
to the methodology the RTMC used to collect their data is that road traffic information on 
their reports are mainly based on fatal crashes only (RTMC, 2018). While reporting and 
capturing road accident, data sometimes are duplicated (RTMC, 2013). The process of 
verifying the data is a lengthy process, which involves comparing the initial data that was 
received from various police stations at the time of the crash with that received from the 
central SAPS database (RTMC, 2013). Another limitation is that the consolidated inputs from 




report (RTMC, 2013). There is still a need for the leading road traffic agency to conduct in-
depth research to collect scientific based facts to complement their administrative data 
(RTMC, 2018).  
Statistics South Africa (Stats SA) is the national statistical service of South Africa (Stats SA, 
2019). For their mid-year population estimates of South Africa, they make use of the cohort-
component method (Stats SA, 2007). In the cohort-component methodology, a base 
population is estimated that is consistent with the known demographic characteristics of the 
country (Stats SA, 2017). The mid-year population estimates are produced by making use of 
the Spectrum model developed by the Future Group alongside with UNAIDS, WHO and 
UNICEF (Stats SA, 2013). In 2011, Stats SA made use of census for population estimate. 
Census is a procedure used to collect basic information on the population and housing 
statistics of a country for socioeconomic development, creation, and the implementation of 
policies (Stats SA, 2012). South Africa has conducted three Censuses (1996, 2001 and 2011) 
(Stats SA, 2012). In addition, Stats SA follows the standards of the International Monetary 
Fund’s (IMF) Special Data Dissemination Standard (SDDS) to publish the mid-year 
population estimates annually (Stas SA, 2007). The limitation with the methodology Stats SA 
applies to collect data on the mid-year population estimates for South Africa is that the 
estimates may change as new data becomes available (Stats SA, 2017). The population 
estimates are accompanied by a series of revised estimates from the period of 2002-2017 
(Stats SA, 2017). 
3.3. Data Analysis  
All analyses were done in R (R Development Core Team 2017).  
Despite the efforts deployed to consult as many sources as possible, there are still some 
missing values in the dataset. Traditionally, prior to analysis, most statistical packages use 
listwise deletion to remove entire rows that have missing values; this practice leads to the 
loss of information sometimes critical for the understanding of the research question at hand 
or the hypothesis to be tested. To retrieve the information encapsulated in missing values in 
order to generate a comprehensive dataset, missing values have been imputed. This 
imputation was done as implemented in the R package Amelia (Honaker et al., 2011). Five 




a single dataset. The means of those five imputed data were used for the analysis. The 
complete dataset is presented in Table 3.2 below. In addition, during the analysis, because 
variables are not in the same scale (e.g., population in million vs. fatal crashes in hundred), 
variables were first re-scaled as follows: scaled variable = (observed-mean)/ standard 
deviation. 





































The future of road accident in the country (objective 2) was predicted by fitting the 
Generalized Autoregressive Conditional Heteroskedasticity (GARCH) to the time-series 
data collected (see Table 3.2). GARCH model was selected to account for the expected high 
volatility of the variance in the time-series data of road accident (Bollerslev, 1986). The key 
assumption behind GARCH model is that variance is volatile or is not constant over time in 
a time series dataset. To test that this assumption is met, the Dickey-Fuller test (Fuller, 1976) 
was run to test the null hypothesis that a unit root is present in an autoregressive model of 
each of the time series data, and that the process is thus not stationary (non-constant variance 
over time). The results confirm the null hypothesis, i.e. P>0.05 for each response variable 
(fatal crashes, P=0.20; persons killed, P=0.09; casualties, P=0.51 and crashes, P=0.99), thus 
justifying the use of GARCH in this study. GARCH model was fitted as implemented in the 
R library rugarch (Ghalanos, 2020). Different variances of GARCH models were fitted 
depending on the starting time intervals for the modelling. The best GARCH model was 
selected using Akaike Information Criteria (AIC). This model was used to forecast future of 





Table 3.2. All data analysed in the present study. These data include raw data collected from various sources as well as the 
imputed data. 
year dist_travelled nber_vehicles regist_vehicles unregist_vehicles crashes fatal_crashes casualties 
persons_killed population_SA driver_licence 
1935 14331.89818 10654039.67 284216 716486.2349 31759 719 13532 897 14152067.31 8871059.533 
1936 16929.92721 11151631.6 307923 762122.2201 39276 890 15421 1015 12218938.96 9240058.421 
1937 16091.97906 11660091.44 331630 755220.0127 45947 1041 16756 1046 10641829.36 9443157.972 
1938 10367.06129 11274015.49 355337 724974.2172 43868 994 17528 1074 11400026.3 9326743.375 
1939 12563.43891 11763802.51 379044 787108.5751 43205 912 15835 969 10650165.47 9786844.085 
1940 10695.12003 11321461.12 402757 755903.4496 36655 842 13723 910 12441494.61 9338001.981 
1941 20150.30638 11444093.34 398953 757179.8851 34423 907 13227 956 11904965.73 9441230.876 
1942 16703.97943 11262593.86 395547 760194.0486 27170 640 10700 673 13137395.56 9407672.067 
1943 16801.26411 11746080.84 392142 799000.3602 22404 636 9322 672 11894982.83 9760420.991 
1944 24694.87779 11950708.15 388732 789704.1313 20810 482 8015 508 11550127.99 9918555.713 
1945 23382.12806 10848960.72 383735 759932.7579 23522 564 8878 595 14221922.73 9430554.948 
1946 22731.57506 11629680.4 434246 766898.1302 39405 771 13952 815 11688808.48 9577425.25 
1947 19331.48727 10946737.27 484758 718987.4095 47421 876 16613 944 13735678.55 9193449.516 
1948 26765.55434 11535817.67 535269 774879.3123 54369 908 17519 964 12255375.96 9583505.88 
1949 14914.75421 11440177.23 585781 780016.7331 56398 908 18267 983 12676073.9 9685610.352 
1950 10842 12118030.74 636292 819779.1342 51966 886 17497 952 11360000 10112442.31 
1951 12605 11869541.76 661812 790113.4767 55633 1029 18753 1116 11700000 9770709.012 
1952 13212 11759177.65 688744 787979.6104 58443 987 19234 1065 12380000 9805461.381 
1953 14058 11570357.28 727350 766020.8289 59320 1126 19124 1195 12770000 9630915.857 
1954 15386 11286031.93 755759 752735.1224 70181 1422 23917 1596 13430000 9353675.141 
1955 17288 11121161.07 809396 745645.6486 77479 1669 26378 1876 13810000 9160345.96 
1956 18620 11088130.63 870250 752668.9241 80263 1721 27492 1896 14160000 9168711.819 




1958 20354 10802482.53 1049221 721625.0749 101895 2363 36448 2633 15220000 8913422.519 
1959 20462 10674737.65 1134014 720293.7256 108321 2521 38673 2842 15830000 8797702.713 
1960 21184 10588098.07 1236570 717571.1107 116688 2755 42416 3051 16260000 8748076.579 
1961 25830 10331336.6 1106851 701437.5229 114789 2989 42537 3306 16490000 8558125.538 
1962 27388 10182049.27 1161412 681275.8431 110482 3280 41266 3591 16700000 8368054.836 
1963 28429 10061335.16 1288068 672550.5986 121296 3947 45180 4394 17000000 8184566.92 
1964 32166 9797586.924 1414723 648235.3829 139401 4615 50813 5104 17500000 7873807.009 
1965 36537 9812900.124 1541379 649669.4953 144497 5003 52179 5602 17900000 7871962.516 
1966 39496 9782192.909 1668034 636693.5847 152683 5135 55320 5728 18300000 7830430.366 
1967 44637 9732855.911 1722470 653692.1757 163875 5448 58525 5975 18700000 7808484.681 
1968 51293 9610900.809 1776905 635932.4754 168716 5284 60321 5810 19200000 7684048.053 
1969 55715 8931248.994 1949066 588275.3604 192515 6273 66843 6987 21200000 7135134.02 
1970 67818 8854750.91 2121227 566354.7878 205267 7078 70181 7948 21500000 6900224.933 
1971 71496 8694989.06 2265323 558376.1484 218926 7472 72230 8417 22400000 6787979.881 
1972 78206 8608875.009 2409419 539514.844 218436 7658 75187 8713 23000000 6617058.973 
1973 90730 8551104.947 2532658 551165.0008 221528 7572 73582 8580 24300000 6657788.201 
1974 79664 9566727.09 2786375 640602.2253 213103 5593 62575 6346 24900000 7953440.572 
1975 85111 9203210.001 3118901 613972.8249 260762 6960 76717 8001 26100000 7451991.266 
1976 87683 9769373.403 3201718 636570.5248 296565 7071 77478 8030 24500000 7864122.869 
1977 85130 10510612.8 3203830 704635.7416 263365 5667 77310 6420 23900000 8666881.113 
1978 90669 10611189.11 3315323 706825.5843 288638 5694 81278 6550 24100000 8720346.585 
1979 71247 11238003.49 3457570 779569.5777 265099 5394 71186 6037 23600000 9444645.905 
1980 74887 10607144.29 3494748 723681.1702 319507 6589 88791 7572 23800000 8604294.733 
1981 83939 10217214.99 3739207 686317.7896 379852 7966 102729 9087 24300000 8021266.032 
1982 75784 10382019.36 4055860 720070.3362 392971 8047 104707 9154 25500000 8327041.142 
1983 74688 10437854.02 4203945 719924.0583 388599 7941 106457 9121 26100000 8395547.215 
1984 81798 10415609.66 4470021 708446.0034 412097 8376 110333 9621 27200000 8451880.217 
1985 75202 10738998.11 4569520 742325.7708 369185 7692 102685 8972 27800000 8866376.728 




1987 80727 10468273.33 4827225 715234.0576 387148 8431 117697 9905 29000000 8536321.596 
1988 99737 10080640.82 4862988 667600.8034 418483 9016 126983 10691 29600000 8036737.92 
1989 99309 10271390.58 5081527 694426.5547 434935 9061 127388 10877 30200000 8196669.238 
1990 94092 10238064.36 5200153 678992.618 433287 9174 130773 11157 30600000 8151097.589 
1991 95908 10303584.06 5324749 706154.6768 444541 9222 136446 11069 31200000 8286308.803 
1992 97677 10531283.07 5391291 722476.3134 429485 8378 126404 10142 31900000 8641507.665 
1993 97866 10567448.51 5457833 737791.7037 434029 7936 128036 9351 32600000 8890336.336 
1994 102256 7903389.06 5524375 570907.2794 467997 8140 138416 9981 40400000 6889307.138 
1995 109241 9458121.592 6458513 688127.5969 500233 8335 146725 10256 40630000 8260750.645 
1996 113376 9782023.145 6506868 706409.7954 520774 7850 135049 9848 40583572 8545155.061 
1997 115017 9644682.385 6555223 709221.8062 505988 7790 140753 9691 41226700 8476533.733 
1998 117025 9710290.692 6603578 712648.876 511605 7260 129672 9068 42130500 8681043.77 
1999 116911 9629425.711 6729032 635772.2222 452915 7342 161717 10523 42640000 8136476.27 
2000 109360 9794993.16 6814531 739091.9369 498222 6679 159704 8494 43326000 8915525.773 
2001 112550 8619882.568 6904355 631048.1891 546247.8908 8802 161082.6821 11201 44819777 7614871.247 
2002 113494 8122807.287 7000316 590000.779 539340.472 9973 160816.5884 12198 45401096 7141367.168 
2003 117875 8118947.289 7186537 610489.5288 595303.1666 10197 166969.8915 12353 45997195 7182443.542 
2004 122476 8067734 7479178 588556 599736.023 10607 173888.7179 12772 46589256 7211276 
2005 125475 8634419 7971187 663232 635185.4219 11736 181590.7654 14135 47176879 7513530 
2006 128086 9190377 8544902 645475 697032.8294 12456 202198.4941 15419 47390900 7818171 
2007 134095 9738952.136 9068120 716279.5662 720515.0301 12011 208140.4572 14920 47849800 8129674 
2008 149404.6131 9820596.707 9109358.186 730959.1442 727847.929 11714.51987 197624.0983 14201.6294 48687300 8581846.782 
2009 142203.0397 10663900.33 9532888.555 801719.4853 758550.3911 11010.75202 197274.2138 13543.11977 49319800 9391114.262 
2010 123616.1552 10590028 9829400 760628 757019.0388 10837 216776.2457 13967 49991300 9237354 
2011 166889.5049 10994119 10193050 801069 784959.3311 11228 201956.3075 13954 51770560 9682452 
2012 152163.6549 11497225 10610671 886554 818725.2611 10977 208035.7978 13528 52991657.49 10155165 
2013 51368.61678 11940912 11006184 934728 863011.2097 10170 216348.1834 11844 52982000 10645046 
2014 63803.73036 12363276 11369925 993351 879571.0698 10367 227623.1597 12702 54002000 11148372 




2016 178113.9996 12999683 11964234 1035449 925774.2537 11676 224860.6336 14071 55908900 12162813 




To test the adequacy of the proposed metamodel (chapter 1) to explain the complexity of 
road accidents in South Africa (objective 1), a structural equation model (SEM) was fitted to 
the imputed data collected. Structural equation modelling (SEM) is a multivariate and 
powerful technique used to test and evaluate multivariate causal relationships (Fan et al., 
2016). Also, SEMs are more appropriate when one aims to test the direct and indirect causal 
relationships between different factors (Fan et al., 2016). Testing direct and indirect causal 
relationships between some factors and road accidents parameters is one of the specific 
objectives of the present study. The benefits of an SEM is that various causal relationships 
can be defined and tested simultaneously in one SEM. Each of the relationships or paths in 
the SEM was translated into GLM models (Generalized Linear Model) with appropriate 
error structure, depending on the nature of the response variable.  
GLM models are now a common model in statistical analysis. The advantage of GLM is that 
they are a flexible as compared to the ordinary linear regression in that they accommodate 
response variables whose error distributions do not follow a normal distribution (Nelder and 
Wedderburn, 1972). GLM handles the non-normal error distribution by relating predictors to 
the response variable through a link function (e.g., poisson, negative binomial, gaussian, etc. 
depending on the type of response variable at hand). As such, by allowing the specification 
of the error family while fitting the GLM model, GLM handles or accounts in a satisfactory 
way the normality assumption of the variance that first needs to be met prior to modelling.  
In the present study, four main response variables were defined. These variables include 
total number of crashes, total number of casualties, number of fatal crashes and number of 
persons killed. These variables are all ‘count data’, meaning that the appropriate link 
function to specify is ‘negative binomial’ (O’Hara and Kotze, 2010), given that count data 
should not be log-transformed (O’Hara and Kotze, 2010). Six explanatory variables were 
defined: total number of vehicles, number of registered vehicles, number of unroadworthy 
and unlicensed vehicles, number of issued drivers’ licenses, population of the country and 
vehicle distance travelled. Since most of the response variables in the metamodel (Box 1 
below) are ‘count data’ except the variable ‘distance travelled’, the negative binomial GLM 
was fitted. GLM model with quasi-poison error family was appropriate to model ‘count 




demonstrated by O’Hara and Kotze (2010). The GLM model was fitted to model the variable 
‘distance travelled’ rather by specifying the link Poisson family of error. All the GLM models 
were then combined in SEM which was fitted as implemented in the R library piecewiseSEM 
(Lefcheck, 2016) and summarized in Box 1 below. The adequacy of the metamodel was 
tested based on its overall Goodness-of-fit (C value) and the P value. C values are an 
indicator of whether an SEM is good enough to explain the data. To tell if an SEM is good 
enough, the lower the C value the better. Another key parameter of the goodness-of-fit is the 
P-value of the test of goodness-of-fit. The P-value here tests whether the proposed SEM is 
different from the best fit to the data at hand. If P<0.05, this means that the proposed SEM is 
significantly different from the best fit and therefore should be rejected; if P>0.05, this means 
that the SEM is no different from the best fit to the data and therefore can be used to explain 
the data (Schermelleh-Engel et al., 2003; Lefcheck, 2016).  
 
Prior to all these analyses, multicollinearity among predicting variables are first tested. 
Unlike in simple regressions, there is no straightforward way to deal with the problem of 
multicollinearity in SEM. Some authors even argue that multicollinearity is not an issue in 
SEM (e.g., Maruyama, 1998; Malhotra et al., 1999; Verbeke and Bagozzi, 2000). This is based 
on the ground that “if highly correlated variables can be regarded as indicators of a common 
underlying construct, multicollinearity problems can be avoided” (Grewal et al., 2004). Other 
authors argued that multicollinearity is a source of unreliable estimates of SEM parameters 
(e.g., Jagpal, 1982; Grapentine, 2000; Tarka, 2018). There is no doubt that multicollinearity 
poses a problem in parameter estimates but the problem is particularly complex with SEM 
for the simple reason that, in SEM, an independent variable in one of the models that form 
the SEM can be a response variable in another model within the same SEM and vice versa.  
In the present study, the following is how the multicollinearity problem was dealt with. For 
each of the models in the SEM, the variance inflation factor (VIF) was calculated in R and 
predicting variables with VIF>5 (rules of thumb) was considered as highly collinear. Then, 
using the stepwise selection techniques, collinear variables were removed from the model 
starting from the variable with the highest VIF. After removing a collinear variable, the 




repeated until the model is made up of only variables with VIF<5. This process was followed 
for all the 9 models that form the SEM. At the end, the SEM was reconstructed using only 
models with non-collinear variables and then was rerun. The AIC value for this SEM is: 
AIC=1788.486. The global goodness-of-fit for this SEM in which no model contains collinear 
variables is as follow: Fisher's C = 1718.486 with P-value = 0 and on 56 degrees of freedom. 
For any SEM, P>0.05 means the SEM is of a good fit for the data while P<0.05 means that the 
SEM departs significantly from the data analysed (see Lefcheck, 2016). In the present case, 
P=0, meaning that the SEM with only non-collinear variables could not be used to explain 
the data. 
In that case, I started bringing back (into each of the models in the SEM) each of the missing 
variables, i.e., variables initially removed from the model because of collinearity. In this case, 
only missing variables that show significant relationships with each response variable in the 
SEM were brought back into the model, but this was done using one missing variable at a 
time (stepwise process). Each time, the goodness-of-fit and P value were calculated. It is only 
when all significant variables were brought back into the SEM that an SEM with P>0.05 was 
found, indicating that a suitable SEM to explain the data is found.  
Furthermore, the R2 for each of the models in the SEM was calculated in scenario 1 where 
only non-collinear variables were included, and in scenario 2 where the final SEM is 
constructed with all previously missing but significant variables. This is summarized in 
Table 1 below. In this table, R2 values does not change substantially in SEM with collinear 
variables in comparison with SEM without collinear variables, except for variable “driver 
licence” (Table 3.3). This means that, although missing variables share similar information 
with other variables in each of the models in the SEM (that is why they are collinear), they 
also bear unique or complementary information (that is why it is only when they are added 
to the SEM that an SEM with P>0.05 is found). These findings support our inclusion of all 
significant missing variables into the SEM. For these reasons, the SEM fitted in the revised 






Table 3.3. Comparison of R2 values in SEM with non-collinear versus SEM with 
collinear variables.  
Response Variables in 
the SEM 
R2 in SEM without 
collinear variables  
R2 in SEM with collinear 
variables 
crashes 0.99 1.00 
Casualities 0.83 1.00 
Fatal crashes 0.94 1.00 
persons_killed 0.90 0.99 
nber_vehicles 0.04 0.04 
regist_vehicles 0.99 0.99 
unregist_vehicles 0.97 0.99 
driver_licence 0.53 0.99 
dist_travelled 0.85 0.94 
 
Furthermore, given the scope of the study, and specifically the different hypotheses we want 
to test, this multicollinearity is unavoidable. These hypotheses based on expected 






Chapter 4: Results 
4.1. Introduction 
This chapter presents the findings of all the analyses done in Chapter 3. These findings are 
presented for each of the two objectives of the study. 
4.2. Temporal trends of road accidents and related consequences 
The data analysed include missing values for some of the variables; these missing values 
represent 20% of all values across all variables, i.e. 80% of all values are present in the 
dataset (Figure 4.1). For further analysis, the missing values have been imputed (see Chapter 
3 for details) such that the findings reported below are based on a complete dataset (i.e. 

















































































































Figure 4.1. Structure of the dataset analysed showing missing and observed values for all 
variables. Driver_licence=number of driver licence issue per year; dist_travelled=total 
distance travelled by all registered vehicles every year; casualties=number of casualties 
reported per accident per year; crashes=number of accidents reported per year; 
population_SA=human population of South Africa per year; nber_vehicles=total number of 
vehicles in the country per year; unreg_vehiecles=number of unregistered vehicles estimated 
per year; fatal_crashes=number of crashes in which at year a person dies; 
regist_vehicles=number of registered vehicles in the country per year; year=year from 1935 





The analysis shows that the number of crashes (road accidents) increases steadily over time 
since 1935 but exhibits important variations from the year 2000 (Figure 4.2). A similar trend 
is found for the number of casualties, and interestingly, there are always less casualties than 
















Figure 4.2. Trends in number of crashes (road accidents) and casualties over the period 1935-
2017 covered in this study. 
Some of these crashes are fatal, and as can be expected from the patterns in Figure 4.1, the 
number of fatal crashes and the number of persons killed in fatal crashes increase too over 
time with a sharp increase from the year 2000. Unfortunately, there have always been more 




the number of persons killed represents 1,15 times the number of fatal accidents and 0,03 

















Figure 4.3. Trends in number of fatal crashes and number of persons killed over the period 







The death rate follows a polynomial shape (Figure 4.4) predictable following the equation: y 
= -0.0114x2+1.2378x-2.2627 (R2=0.76) with y = death rate and x = year. This trend can be 
broken down into four noticeable periods (Figure 4.4.): between 1935 and 1938, the death 
rate per 100,000 people increased from 6 to 9.5; from 1938 to 1945, there is a decrease from 
9.5 to 4.18; the 1945-1972 period witnessed an exponential increase from 4.18 to 37.88 deaths 
per 100,000 people; this sharp increase has been slowing down since 1972 until 2017 where it 
decreased from 37.88 to 24.85 and reached the lowest rate of 19.60 in the year 2000 (Figure 
4.4). These trends result in an average death rate of 23.14 deaths per 100,000 people. 
 
 
Figure 4.4. Trends in the death rate due to road accident. Death rate is estimated over 
100,000 people. 
4.3.  Understand the complexity of road accidents in South Africa. 
4.3.1. Structural equation model of road accidents 
The following parameters of the metamodel suggest that the metamodel is suitable to 
explain the complexity of the mechanism driving road accidents: Fisher's C = 3.895 with P-
value = 0.143 on 2 degrees of freedom.  
The coefficients of each of the models in the metamodel are summarized in Table 4.1 below. 
This Table 4.1 shows that the number of crashes could significantly be explained by total 




P<0.001), number of unregistered vehicles (β = 0.14 ± 0.04,  P=0.003) and the population of 
the country (β = -0.88± 0.13,  P<0.001). As opposed to expectation, the number of driver 
licences issued, and total distance travelled by vehicles do not correlate significantly with 
number of crashes (P>0.05). 
Furthermore, the analysis reveals that the number of casualties could be linked significantly 
to number of registered vehicles (β = 1.44 ± 0.0.34,  P<0.001) and total distance travelled by 
vehicles (β = -0.04 ± 0.02,  P=0.03). None of the other variables tested correlates significantly 
with number of casualties (P>0.05). 
As of the number of fatal crashes, the analysis reveals that the total number of vehicles (β = -
0.79 ± 0.09,  P<0.001), number of registered (β = 3.73 ± 0.23,  P<0.001) and unregistered 
vehicles (β = 0.22 ± 0.06,  P<0.001), the population of the country(β = -3.04 ± 0.18,  P<0.001) 
and the total distance travelled by vehicles (β = 0.20 ± 0.02,  P<0.001) correlate significantly 
with the number of fatal crashes. However, the number of casualties and again the number 
of driver licence do not seem to determine the number of fatal crashes (P>0.05). 
Finally, the findings of the SEM analysis reveal that the total number of vehicles (β = 0.20 ± 
0.06,  P=0.0017), number of unregistered vehicles (β = -0.10 ± 0.03,  P=0.003), number of 
crashes (β = -0.14 ± 0.06,  P=0.04), number of casualties (β = 0.32 ± 0.04,  P<0.001), distance 
travelled (β = 0.03 ± 0.01,  P=0.009) and obviously the number fatal crashes (β = 0.80 ± 0.05,  




Table 4.1. Coefficients of the structural equation model fit to the dataset analysed in the present study. 
Responses Predictors Estimates Standard Error DF P-values R2 




 Registered vehicles 1.76 0.12 76 <0.001 
 Unregistered vehicles 0.14 0.04 76 0.003 
 Number of driver’s licence issued 0.05 0.07 76 0.44 
 Country population -0.88 0.13 76 <0.001 
 Total distance travelled by vehicles 0.02 0.01 76 0.12 
       




 Registered vehicles 1.44 0.34 75 0.0001 
 Unregistered vehicles -0.10 0.07 75 0.14 
 Number of driver’s licence issued -0.06 0.10 75 0.52 
 Country population -0.42 0.23 75 0.08 
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 Total distance travelled by vehicles -0.04 0.02 75 0.03 
 Number of crashes 0.04 0.16 75 0.76 
       




 Registered vehicles 3.73 0.23 75 <0.001 
 Unregistered vehicles 0.22 0.06 75 0.0008 
 Number of driver’s licence issued -0.11 0.09 75 0.22 
 Country population -3.04 0.18 75 <0.001 
 Total distance travelled by vehicles 0.20 0.02 75 <0.001 
 Number of casualties -0.11 0.10 75 0.29 
       
Persons killed Number of vehicles 0.20 0.06  0.001  
 
 
 Number of crashes -0.14 0.06 73 0.04 
 Number of casualties 0.32 0.04 73 <0.001 
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 Registered vehicles -0.31 0.26 73 0.23  
1  Unregistered vehicles -0.10 0.03 73 0.003 
 Number of driver’s licence issued -0.07 0.04 73 0.07 
 Country population 0.36 0.19 73 0.06 
 Total distance travelled by vehicles 0.03 0.01 73 0.009 
 Number of fatal crashes 0.80 0.05 73 <0.001 
       
Number of vehicles Country population -0.18 0.10 81 0.08 0.06 
       
Registered vehicles Country population 1.01 0.01 80 <0.001  
1  Number of vehicles 0.13 0.01 80 <0.001 
       
Unregistered vehicles Country population 1.17 0.20 79 <0.001  


















 Number of vehicles 1.07 0.03 79 <0.001 
       
Number of driver’s licence issued Country population 1.60 0.11 78 <0.001  
 
1 
 Unregistered vehicles 0.39 0.05 78 <0.001 
 Registered vehicles -1.47 0.10 78 <0.001 
 Number of vehicles 0.81 0.06 78 <0.001 
       
Total distance travelled by vehicles Country population -1.17 0.96 77 0.22  
 
0.92 
 Unregistered vehicles -1.30 0.31 77 0.0001 
 Number of driver’s licence issued 1.06 0.50 77 0.03 
 Number of vehicles -0.26 0.49 77 0.59 
 Registered vehicles 2.27 0.88 77 0.01 
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4.3.2. Expected trends of road accidents for the future 
Using the GARCH model, the future of road accidents was predicted. The number of crashes 
or accidents is predicted to be roughly constant over time at 617,253 accidents for the next 10 
years, with the worse scenario suggesting that this number may reach 1,896,667 (Figure 
4.5A). The number of casualties was also predicted to be roughly constant at 93,531 over 
time although this number may reach 661,531 in the worst-case scenario (Figure 4.5B). 
However, although the number of fatal crashes may decrease over time, it is forecasted to 
reach 11,241 fatal crashes within the next 10 years with the worse scenario estimated at 
19,034 within the same period (Figure 4.5C). Finally, the number of persons killed is also 
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Figure 4.5. Prediction of the trends of road accidents and its consequences for the next 10 
years in South Africa using GARCH model. A=number of crashes (road accidents), 
B=number of casualties, C= number of fatal crashes and D=number of persons killed. 
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Chapter 5: Discussion  
5.1. Temporal trajectory of road accidents in South Africa  
Over the 82 years (1935-2017) period covered in this study, the findings reveal an increasing 
trend in number of reported road accidents, casualties, fatal crashes, and deaths. The study 
also reveals that, unfortunately, 32% of accidents lead to casualties, and when these are fatal, 
the ratio persons killed: fatal accidents (referred to as accident severity rate  in Verster and 
Fourie, 2018) is 1,15.  In their recent study, Verster and Fourie (2018) estimated the severity 
rate at 1,2-1,3 between 2010 and 2015, a rate similar to what is revealed in the present study 
although the present study covers a longer period of time. In any case, these findings 
suggest that, overall, in any fatal accident in South Africa more than 1 person lose their lives.  
Verster and Fourie’s (2018) further showed that the severity rate is not uniform within a 
week, with the highest severity rates (1,22-1,25) found for Mondays, Fridays, Saturdays, and 
Sundays (South African Department of Transport, 2015; Verster and Fourie, 2018). 
However, the number of road accidents fluctuated more notably from the year 2000 onward, 
resulting into a sharp increase of fatal crashes and the number of persons killed from the 
year 2000. This year 2000 corresponds to the period where 75% of road accidents recorded in 
South Africa were linked to drivers driving under the influence of alcohol (Ncube et al., 
2016). In 2000, the cost of road traffic accidents in South Africa was estimated at R13.8 billion 
(US$2 billion) (Ministry of Transport, 2001). South Africa is the world leading country in 
drunk driving followed by Canada and the US (Figure 2.12; McCarhy, 2016). The number of 
drunk drivers has increased by four times since 1980 (Figure 2.13). It is therefore not 
surprising that we observe the notable fluctuations of road accident occurrence as well as 
the increase in fatal crashes and number of persons killed from 2000 onward. Surprisingly, it 
is in the same year 2000 that the lowest death rate of 19.60 was observed. This implies that 
the increase in fatal crashes did not result in high death rate after correcting for population 
size.   
Specifically, the death rate increased drastically from 6 death per 100,000 persons in 1935 to 
37.88 deaths per 100,000 people in 1972 before it decreased gradually to 24.8. Although the 
decrease observed in the later stage of the trajectory of death rate seems to be a global trend 
as this is too reported in several parts of the world, including Australia, Poland, China, etc. 
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(see Figures 2.5, 2.6 and 2.8 in Chapter 2; WHO, 2018). Efforts need to be continuously 
deployed to maintain this decreasing trend because, after a long period of safety 
improvement, the risky behaviours leading to the re-increase in the number of road 
accidents may occur again (Bąk et al., 2019) as predicted in the behavioural theory (Wilde, 
1988).  
The overall trend found in the present study is similar to the one reported, also for South 
Africa, by WHO (2009, 2018), which identified four key points in the trajectory of death rate. 
They reported that, from 1972 to 1992, the death rate fluctuated within a window of 25-40 
deaths/100,000 people. They also indicated that this rate decreased to 20 death/100,000 
people from 1992 to 2002, and then increased again to 35 deaths/100,000 people from 2002 to 
2007  before it decreases to 21 death/100,000 people from 2007 to 2013 and then a slight 
increase to the present day (see Figure 2.10 in Chapter 2). The similarity between the WHO’s 
trend and what is reported in the present study suggests that the data imputation done in 
the present study did not cause significant bias in the data analysed. 
On average, the study reveals a death rate of 23.14 deaths per 100,000 people. This death rate 
is lower than that reported for low-income countries (27.5 deaths per 100,000 population) 
and for the African continent (26 deaths/100,000, see Figure 2.9 in Chapter 2; WHO, 2018)  
but is similar to what is reported for Brazil in the last 10 years (see Figure 2.7 in Chapter 2). 
However, it is three times the rate reported (8.3 deaths per 100,000 population) for 
developed world; WHO, 2018) and 4-times the 6 deaths/100,000 rate reported for Australia 
(Mooren et al., 2011). In this developed world, the death rate has been slowing down since 
the 1960s: 27% decrease in the US and 63% decline in Canada from 1975 to 1988 while an 
increase was noted in developing countries (an increase by 44% in Malaysia and 243% in 
China; Kopits and Cropper, 2003). Although we are losing 1,35 million people annually 
owing to road accidents, the youth (5-29 years old; WHO, 2019) is disproportionately the 
most affected. The consequences of these losses are significant: heavy deterioration of 
standard of living for family (Silcok, 2003), the loss of 1-2% of the gross national product of 
developing countries (Peden and Hyder, 2002). To South Africa, it costs 3.4% of its GDP 
(South African Department of Transport, 2016). This is unaffordable in a country where 
basic service delivery to community is still a problem, and therefore calls for vigorous 
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actions. These actions may include such as enforcement of seat belt safety laws, enforcement 
of speed limits, and strict and unapologetic punishment for drunk driving. 
5.2. The proposed metamodel for road accidents in South Africa and future 
trends 
The parameters of the metamodel tested show that the metamodel in Figure 1.1 is suitable to 
explain the complexity of the mechanism driving road accidents. As predicted in the 
theoretical framework in Figure 1.1 (chapter 1), the number of crashes is indeed predicted by 
the total number of vehicles but contrary to prediction, the relationship is negative. This 
negative relationship means that the increase in the number of vehicles do not lead to the 
increase in the number of crashes but the later actually decreases. This may imply that, while 
the number of vehicles is increasing, these vehicles may be in majority good roadworthy 
cars driven by licenced and careful drivers such that this increase in the number of cars does 
not result in an increase in crashes. For the next 10 years, the GARCH model employed in 
this study predicted a roughly constant number of crashes or road accidents (617,253 
accidents), but this number may triple, in the worst-case scenario, reaching 1,896,667. This 
calls for vigorous actions. 
Similarly, the results of this study show a negative relationship between the population of 
the country and the number of crashes. The initial expectation is that the increase in human 
population would also result in the increase in road crashes (Al-Reesi et al., 2013). The 
rationale for this is that when the population increases, the number of vehicle owners would 
increase such that more vehicles (both registered and unregistered) would be on the road, 
thus increasing the risk of road crashes. Also, when more vehicles are on the road, the 
distance travelled by vehicles would increase, and this would reduce the quality and 
strength of the vehicles over time, and thus increasing the risk of road crashes.  However, 
the total distance travelled by vehicles does not correlate significantly with number of 
crashes, discounting the importance of this variable. The finding reported in the present 
study matches what has been found for other countries, such as UK where, in the last 30-
years, although the population size has grown by 15%, road fatalities have fallen by 68% 
(Department for Transport, 2015).  
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The counterintuitive finding of negative relationships between number of population and 
number of crashes could mean that the increase in population is followed by an increase in 
careful and licenced drivers. However, the part of the explanation linked to drivers licence is 
discounted by the finding that, as opposed to expectation, the number of driver licences 
issued does not correlate significantly with number of crashes, putting into question the 
contribution of drivers licence to good driving behaviour on the road. In Botswana, 
unlicensed drivers, or failure to produce a licence are found to correlate significantly to road 
fatalities (Mphela, 2011). Interestingly, matching the theoretical prediction, the number of 
crashes increases when the number of both registered and unregistered vehicles also 
increases. A potential explanation is that irrespective of whether vehicles are registered or 
unregistered, too many vehicles on the road predisposes to an increase of the likelihood of 
accidents. Unregistered vehicles are likely to be unroadworthy and faulty; vehicle 
roadworthiness was reported as a major contributing factor to road accidents (Bayam et al., 
2005; Verster and Fourie, 2018; WHO, 2018). Verster and Fourie (2018) reported that 7.8% of 
road accidents in South Africa are linked to vehicles, and in 2017 alone, the factor “vehicle” 
contributed 3% to road accidents in the country (RTMC, 2018) 
Furthermore, as predicted for number of crashes, the expectation is also that the number of 
casualties would correlate positively and significantly with all six predictors analysed in the 
study. The findings in this study reveal that the number of casualties indeed correlate 
positively and significantly but with only the number of registered vehicles and negatively 
with total distance travelled by vehicles. The positive relationship is an indication that, as 
the number of registered vehicles increases, more vehicles are on the road, heightening the 
risk of accidents thus casualties. The negative relationship between casualties and distance 
travelled is unexpected and means that more vehicles on the road do not increase road 
casualties.  Again, the GARCH model predict a roughly constant number of casualties for 
the next 10 years (93,531) but this may increase 6-fold in the worst-case scenario. 
As expected, the analysis reveals that the total number of vehicles, number of registered and 
unregistered vehicles, the population of the country and the total distance travelled by 
vehicles correlate each significantly with the number of fatal crashes. However, the number 
of vehicles and the population of the country which were predicted to correlate positively 
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with the number of fatal crashes show instead negative correlations. This is in contrast with 
the reports from other studies that reported the positive relationships predicted in the 
theoretical metamodel in the present study (Jacobs and Cutting, 1986; Aderamo, 2012). The 
contrasting findings in the present study mean that, as the total number of vehicles and the 
country’s population size increase, the number of fatal crashes decreases.  
On a global scale, Jacobs and Aeron-Thomas (2000) predicted the road fatalities to reach 
between 900,000 and 1.1 million in 2010 and between 1 million and 1.3 million in 2020. For 
the next 10 years, the GARCH model predicted a decreasing trend of the number of fatal 
crashes but this number may reach 11,241- 19,034. Again the observed decrease in fatal 
crashes is unexpected and could imply that one or more key variables that decrease the 
number of fatal crashes while the total number of vehicles and population size are 
increasing are not taken into consideration in the proposed metamodel in the present study. 
An example of such variable could be road policy enforcement or improvement, 
improvement of drivers’ consciousness or  behaviour that may cause a decline in the 
frequency of fatal crashes (Shaw and McMartin, 1977; Farmer et al., 1997; Delen et al., 2006; 
Deffenbacher et al., 2002; Dahlen et al., 2012; Sârbescu and Maracatu, 2019; Papantoniou et al., 
2019). Further variables, focused on the drivers’ characteristics such as age, gender, driving 
experience, and education level that are not considered in the present study may be 
important too as reported in previous studies (Bayam et al., 2005; Eboli and Mazulla 2007; 
Papantoniou et al.,  2019; Papantoniou et al., 2018). Nevertheless, several studies called for 
road accidents to be regarded as more driven by a failure of a system and not just of a 
person (the driver) (Reason, 2000). In that system is a complex of interactive factors and an 
accident is the consequence of a failure of the interactions (Reason, 2000; Bayam et al., 2005; 
Eboli and Mazulla, 2007; Aderamo, 2012; Hassan and Abdel-Aty, 2013, Bergel-Hayat et al., 
2013; Theofilatos, 2017; Lee, et al., 2018; Verster and Fourie 2018; Papantoniou et al., 2019; 
Papantoniou et al., 2018).  
In the present study, six interactive factors/predictors are tested as linked to road accidents 
and their effects (casualties, fatal crashes, number of persons killed, etc.). Counterintuitively, 
the number of casualties and the number of driver licences do not correlate significantly 
with the number of fatal crashes. The lack of significant correlation between number of 
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casualties and number of fatal crashes disproves the cascading effects initially predicted in 
Figure 1.1, implying that an increase in road casualties does not necessarily lead to an 
increase in road fatalities. Again, this could be linked to a potential improvement of drivers’ 
consciousness or  behaviour on the road. The lack of correlation between the number of 
drivers’ licence issued and number of fatal crashes dismiss the initial prediction that an 
increase in number of licence issued should mirror an improvement of driving behaviour or 
experience (da Silva et al., 2014) and thus limit the number of crashes/accidents and all 
inherent consequences (e.g. fatalities). This finding may not be that surprising given the 
corruption around driver’s licence delivery (Arrive Alive, 2020).  
Finally, as expected, the total number of vehicles correlate significantly and positively with 
the number of persons killed: more cars mean high risk of fatalities. One relationship not 
predicted in Figure 1.1 is the positive significant correlation found between number of 
casualties and number of persons killed. In the predicted theoretical metamodel, it was 
suggested an indirect link between number of casualties and number of persons killed but 
mediated by number of fatal crashes. The analysis reveals instead a direct link between 
number of casualties and number of persons killed and reported above there is no 
significant link between number of casualties and number of fatal crashes. Overall, the 
finding here means that an increase in number of casualties may heighten the risk of more 
persons killed without necessarily increasing the number of fatal crashes. Similar positive 
and significant links were found between distance travelled on one hand and number of 
fatal crashes on the other with the number of persons killed. The link between distance 
travelled and number of persons killed were predicted in Figure 1.1 and means that more 
cars on the road increases the likelihood of more persons killed in case of road accidents. 
The positive significant link between number of fatal crashes and number of persons killed 
goes without saying.  Surprisingly, while the number of unregistered vehicles increases, the 
number of persons killed decreases and similar relationship is found for the link between 
total crashes and persons killed. As indicated above, there must have been important 
variables (e.g. improvement in road enforcement, drivers behaviours, etc.) that are not 
included in the metamodel tested in the present study and which are the basis for the 
counter-intuitive relationships found in the present study. A constant pattern is predicted 
for the next 10-years using the GARCH model but could fluctuate between 14,739 and 
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172,784. In the Mthatha area in South Africa, Meel (2008) predicted 57 road death/100,000; if 
this rate is generalized to the total population of the country, this would be equivalent to 
34,200 road deaths annually, well contained within the 14,739-172,784 range identified in the 
present study.   
5.3 Potential limitations of the study 
There are some debates around road accident data sources and their reliability (Joseph, 
2013). A number of studies make use of two data sources (Benlagha and Charfeddine, 2020). 
The first data source includes police-recorded data (Manner and Wünsch-Ziegler, 2013; Feng 
et al., 2016; Lee et al., 2018). The second data source is insurance companies (Krishnan and 
Carnahan, 1985; Mills and Hambly, 2011). The debates emanate from the mismatch between 
both sources in term of data provided. For example, 1 out of 5 road deaths is reported by 
police in the Philippines (WHO, 1996). In Indonesia, police report 40% less road deaths than 
insurance companies (Lu, 1988). Even in China, the Beijing Research Institute of Traffic 
Engineering (Liren, 1996) estimated that the actual number of people killed in road accidents 
was over 40% per cent more than the number reported by the police. In term of reliability of 
data, several studies suggest that insurance companies are more reliable than police-
recorded data, given that, not only they are always informed once an accident occurs (fatal 
accident or not), but also given the professional way (unlike government officials; Joseph 
2013) they handle data collection (Cohen, 2005; and González Dan et al., 2017).  In the 
present study, a multiple-source approach was used as presented in the Method Chapter to 





Chapter 6: Summary of Findings, Conclusion and Recommendations 
6.1. Background 
Road accident fatalities exceed 1.27 million people annually and are ranked the 8th leading 
cause of death globally (WHO, 2018). The trend of increasing numbers of road fatalities and 
injuries is linked with the rising numbers of vehicles especially in low and middle-income 
countries (Nantulya and Reich, 2002). In low and middle-income countries, road accident 
injuries and fatalities commonly affect pedestrians, passengers, and cyclists (Nantulya and 
Reich, 2002).  
The urgency to improve road safety has been a global challenge especially for countries that 
are still developing (Moyana and Chibira, 2016). Various literature has highlighted that road 
safety strategies implemented in low and middle-income countries have not been effective 
to reduce the rising numbers of road injuries and fatalities (Moyana and Chibira, 2016). In 
South Africa, road accidents have a great impact on the society in terms of loss of human 
lives, trauma experienced by the families of road accident victims, and the country’s 
economy (De Beer and Van Niekerk, 2004).  
Researchers around the world have been modelling road accidents to predict and 
understand factors that contribute to road accident events (Olemo, 2016). However, research 
on modelling road accident events in South Africa is limited. Therefore, the present study 
aimed to illustrate the trends on road accidents including their consequences e.g. injuries 
and fatalities. In addition, the study proposed a metamodel that could be used as a tool to 
understand the complexity of road accidents in South Africa. The proposed metamodel 
demonstrated the relationships between different variables that include: total number of 
crashes, total number of casualties, number of fatal crashes, number of persons killed, total 
number of vehicles, number of registered vehicles, number of unregistered vehicles, total 
number of issued driver’s licenses, population of South Africa and total distance travelled 
by vehicles. The study further made use of GARCH models to predict road accidents, 
casualties, fatal road accidents and fatalities in the next decade.  
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6.2. Findings and Implications 
This study revealed the trends on road accidents in South Africa as well as their 
consequences. The study indicated that over the period of 1935-2017, the trends regarding 
road accidents alongside road fatalities and causalities have been on a rise. The study 
illustrated that the number of road accidents fluctuated from the year 2000 onward, 
resulting into a sharp increase in the number of fatal crashes and people killed in road 
accidents. In addition, the trends further revealed that the increase in fatal crashes did not 
result in high death rate in relation to population growth.  
The study further made use of a SEM model to explain the complexity of road accident 
events in South Africa and GARCH models to predict road accidents and temporal 
consequences in the next decade. The SEM model illustrated that the negative relationship 
between number of vehicles and total crashes, does not result to an increase in road 
accidents. The GARCH model further predicted a constant trend in number of crashes or 
road accidents (617,253 accidents) in the next decade, but the number may triple in the 
worst-case scenario reaching 1,896,667. The SEM model also revealed a negative relationship 
between the population of the country and the number of road crashes. The variables total 
distance travelled, and population did not correlate significantly with road crashes. From 
the theoretical model, it was predicted that both population of the country and distance 
travelled would correlate significantly with road crashes. The prediction from the theoretical 
model regarding the increase in both number of registered and unregistered vehicles would 
result to an increase in the number of total crashes, was proven valid from the SEM results. 
In addition, the GARCH model predicted a constant number of casualties (93,531) in the 
next decade and an increase in the worst-case scenario.   Furthermore, the results revealed 
that the increase in total number of vehicles, number of registered vehicles and unregistered 
vehicles, population growth and the total distance travelled by vehicles have a significant 
relationship with fatal crashes. One of the contrasting findings of the study was that the 
population of the country correlates negatively with the number of fatal crashes: as the 
population of the country grows the number of fatal crashes decreases. In addition, the 
GARCH model predicted a reduction in the number of fatal crashes in the next 10 years to 
come. The decreasing trend in the number of fatal crashes was not expected. It could be that 
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a key variable that results to the decrease in fatal crashes while the total number of vehicles 
and country’s population increase was not considered in the proposed SEM model. From the 
theoretical a model, the positive significant relationship between number of casualties and 
persons killed was not observed as highlighted from the results. A constant trend was 
predicted for number of persons killed in the next 10 years.  
Therefore, these results bring a broader understanding to the complexity of road accident 
events in South Africa. The trends on road accidents and their temporal consequences may 
be used as a guideline by road safety policy makers to implement stricter road safety laws.  
6.3. Limitations of the Study and Future Studies 
The Road Traffic Management Corporation (RTMC) is the main organisation in South Africa 
that has the raw data on road accidents accessible to the public. The data retrieved from the 
corporation’s website for this study was not consistent over the years. The inconsistency of 
the data brought limitations with possible variables that could have been added to the SEM 
model. Furthermore, the collected dataset for this study had missing data within some of the 
years during the period of 1935 to 2017. Therefore, the data had to be imputed to fill-in the 
missing gaps. However, the imputation of the data did not cause bias in the data analysed 
for the trends; but it should be noted that a more accurate analysis in modelling of road 
accident events in South Africa should be grounded on a database that is broad and 
consistent. Furthermore, the study lays a foundation for more research to be conducted in 
South Africa concerning road accident events. Factors such as the driver’s demographic 
information, driver’s behaviour, road policy enforcement, the condition of the road and the 
status of the vehicle are some of the factors that may be included into the metamodel to 
further understand the complexity of road accident events.  Regardless of the limitations 
highlighted, this study presents a starting point for more vigorous research to be conducted 




The recommendations informed of the findings reported in the present study are presented in Table 6.1. below. 
 
Table 6.1. Recommendations provided for the relationships found on the SEM metamodel. These recommendations are based on 
the statistically significant relationships found in the study. 
 







-0.32 <0.001 • The number of crashes 
decreases when the 
number of vehicles 
increases. 
• Not clear possible recommendation here 
• But see recommendations below for the 
relationships between number of vehicles 
and number of persons killed. 
Registered 
vehicles 
1.76 <0.001 • The number of crashes 
increases when number of 
registered vehicles also 
increases. 
• Limit the usage of vehicles on the road. 
This can be done: 
i) by promoting a safe public transport 
system to reduce drastically  the 
number of vehicles on the roads as a 




0.14 0.003 • The number of crashes 
increases when number of 
unregistered vehicles also 
increases. 
• Vehicles that are not registered should be 
impounded by traffic officers.  
• Legal provisions must be made towards a 
harsh punishment of drivers of 
unregistered vehicles, e.g., jail time or 
heavy financial penalties.  
Country 
population 
-0.88 <0.001 • The number of crashes 
decreases when country’s 
population increases. 
• This suggests that 
• Reinforcing road traffic measures such as: 
i) seat belt law enforcement. 




population growth and 
vehicle ownership do not 
increase at the same rate 
such that the increase in 
population may not lead to 
the increase in car 
ownership, and this, in 
conjunction with road 
traffic measures in place, 
may lead to the decrease in 
road crashes. 





1.44 0.0001 • The number of casualties 
increases when number of 
registered vehicles also 
increases. 
• Limit the usage of vehicles on the road. 
This can be done: 
i) by promoting a safe public transport 
system to reduce drastically  the 
number of vehicles on the roads; as a 






-0.04 0.03 • Higher distance travelled 
means vehicles are on the 
road for long. 
• The number of casualties 
decreases when total 
distance travelled 
increases. This unexpected 
finding suggests that: 
i) perhaps drivers 
spending long time on 
the road eventually get 
more driving 
• Not clear possible recommendation here. 
• However, see below recommendations 




experience and skills 
which may eventually 









-0.79 <0.001  • Not clear possible recommendation here. 
• But see recommendations below for the 
relationships between number of vehicles 
and number of persons killed. 
Registered 
vehicles 
3.73 <0.001 • The number of fatal 
crashes increases when 
number of registered 
vehicles also increases. 
• Limit the usage of private vehicles on the 
road. This can be done: 
i) by promoting a safe public transport 
system to reduce drastically  the 
number of vehicles on the roads as a 
result the rate of road crashes will 
decrease.  
ii) By promoting lift clubs. 
Unregistered 
vehicles 
0.22 0.0008 • The number of fatal 
crashes increases when 
number of unregistered 
vehicles also increases. 
• Vehicles that are not registered should be 
impounded by traffic officers.  
i) Legal provisions must be made towards 
a harsh punishment of drivers of 
unregistered vehicles, e.g., jail time or 




-3.04 <0.001 • The number of fatal 
crashes decreases when 
country’s population 
increases. 
• This suggests that 
population growth and 
vehicle ownership do not 
• Reinforcing road traffic measures such as: 
i) seat belt law enforcement. 
ii) severe penalties for reckless and drunk 
drivers. 
iii) speed control.  
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increase at the same rate 
such that the increase in 
population may not lead to 
the increase in car 
ownership, and this, in 
conjunction with road 
traffic measures in place, 






0.20 <0.001 • Vehicles with longer 
distance travelled may be 
regarded as old vehicles. 
• Vehicles that stay longer 
on the road are involved in 
more fatal crashes. 
• Old vehicles must be removed from the 
road. 
• This means that the Traffic Department 
must set a threshold for kilometrage above 
which vehicles must not be allowed on the 
road. 
• This requires a scientific study to identify 










0.20 0.001 • More vehicles correlate 
with more persons killed. 
• Limit the usage of private vehicles on the 
road. This can be done: 
i) by promoting a safe public transport 
system to reduce drastically  the 
number of vehicles on the roads as a 
result the rate of road crashes will 
decrease.  
• By promoting lift clubs 
Number of 
crashes 
-0.14 0.04 • Another unexpected result: 
number of persons killed 
in road accidents decreases 
with more crashes. 
• This means that not all 
• Identifying and promoting measures that 
are working successfully in reducing the 
number of fatalities in road accident, e.g., 
promoting seat belt, strict check-up of 
roadworthiness, severe punishment of 
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crashes are fatal but also 
measures could have been 
taken so that there are less 
and less death in most 
crashes. 
drunk drivers. 
• This has to be done by the traffic 
department. 
• Government’s Arrive Alive Road-Safety 
Campaign (https://www.arrivealive.co.za/) 
should be intensified. 
Number of 
casualties 
0.32 <0.001 • More casualties imply 
more death. 
• Not surprising since death 
is counted among 
casualties. 
• All above-mentioned recommendations 
apply here too.  
• Emergency services should respond 
quicker  to calls of road accidents in order 




-0.10 0.003 • Above, the number of fatal 
crashes increases when 
number of unregistered 
vehicles also increases.  
• Here: The number of 
persons killed in road 
accidents decreases with 
the increase in the number 
of unregistered vehicles. 
• Vehicles that are not registered should be 
impounded by traffic officers.  
• Legal provisions must be made towards a 
harsh punishment of drivers of 
unregistered vehicles, e.g., jail time or 





0.03 0.009 • Vehicles with longer 
distance travelled may be 
regarded as old vehicles. 
• Vehicles that stay longer 
on the road are involved in 
more fatal crashes. 
• Old vehicles must be removed from the 
road 
• This means that the Traffic Department 
must set a threshold for kilometrage above 
which vehicles must not be allowed on the 
road. 
• This requires a scientific study to identify 
such threshold.  
Number of 0.80 <0.001 • This is obvious: More fatal • All above-mentioned recommendations  
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fatal crashes crashes lead to a greater 
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